Abstract

22
Tree-like neurites are crucial for receiving information into neurons. It is assumed that 23 nurturing affects the structure and function of dendrites, yet the evidence is scarce, and 24 the mechanisms are unknown. To study whether mechanosensory experience affects 25 dendritic morphology, we use natural mechanical stimulation of the Caenorhabditis 26 elegans' polymodal PVD neurons, induced by physical contacts between individuals.
27
We found that animal isolation affects the dendritic tree structure of the PVD. Moreover, 28 developmentally isolated animals show a decrease in their ability to respond to harsh 29 touch. The structural and behavioral plasticity following mechanosensory deprivation 30 are functionally independent of each other and are mediated by an array of evolutionary 31 conserved amiloride-sensitive epithelial sodium channels (degenerins). Our results
32
suggest an activity-dependent homeostatic mechanism for dendritic structural plasticity, 33 acting downstream to mechanosensory activation of degenerins.
35
Main Text: 36 The general structure of the nervous system has been known for over a century.
37
Groundbreaking studies on synaptic plasticity and its underlying mechanisms have 38 shown that before birth and in adult animals, brain waves of neural activity are needed 39 for synaptic remodeling [1] [2] [3] [4] . In contrast, the molecular mechanisms responsible for GTPases, calcium metabolism and microtubule stability [8] [9] [10] [11] . Since neurological 84 disorders like autism, Down syndrome, fragile X syndrome, and schizophrenia are 85 characterized by abnormal dendritic spine structures, uncovering the molecular basis of 86 dendritic tree instability during development and adulthood, is of great importance 12 .
87
The morphology of the C. elegans' PVD bilateral neurons is composed of 88 repetitive and spatially organised structural units that resemble candelabra (Fig. 1A) 
13
.
89
These structural properties provide a useful platform to study dendritic morphogenesis.
90
While some of the genetically programmed molecular mechanisms responsible for the 91 development, morphogenesis and regeneration of PVD's dendritic trees are known [14] [15] [16] [17] [18] [19] [20] , 92 the influence of nurture, e.g. sensory experience, on its structure and function during 93 development and in adulthood remain unexplored. The PVD mediates three sensory similarly low response for both groups (Fig. 1C) . Thus, isolation reduces the response to 122 noxious stimuli during adulthood in a process that is independent of gentle touch.
123
To investigate whether the isolation-induced decreased response is a PVD-124 dependent function, we used optogenetic stimulation 24 . We found that isolation reduced 125 the percentage of worms responding to optogenetic stimulation of the PVD (Fig. 1D classification method to combine all the morphological phenotypes analyzed (Fig. 4A ).
312
In addition to the data based on morphological similarities between groups, we which the response to harsh touch is independent of the structural alteration of the PVD.
323
Since MEC-10 is important for laminar shear stress 41 isolation of young adult worms for 24 h (Fig. 3F ). This isolation affects the structure of 330 the PVD (Fig. 3G-K ) but has no effect on the response to harsh touch (Fig. 1H) more tightly associated to the structure of the PVD.
341
MEC-10 localization is experience-dependent
342
Since MEC-10 and DEGT-1 tend to co-localize within the PVD 21 we analyzed the 343 genetic interaction between these two proteins, during mechanosensory experience.
344
Differential localization of degenerins can affect both the behavioral response to harsh 345 touch and also the structural properties of the neuron. We hypothesized that changes in 346 the localization patterns of DEG/ENaC can account for plasticity at both the behavioral
347
( Fig. 1 ) and the structural level (Figs. 2, 3 ). MEC-10 localization in the plasma 348 membrane and in intracellular vesicular compartments of the axon and the quaternary 349 branches was reduced after isolation ( Fig. 5A-D DEGT-1 localization is reduced only in the cell body following isolation ( Fig. 5E-H) . 
Data analysis
617
The analysis of the PVD structure was performed for the ~200 µm surrounding the cell images were converted to their negative form using the "convert lookup out of non-ectopic branches.
628
The geometry of each quaternary branch ("candle") was defined in the following worms were excluded from the experiment.
635
Self-avoidance defects-the number of events where two adjacent candelabra 636 overlapped (no gap formation), was divided by the total number of gaps between the 637 candelabra within the frame ( Fig. 2A) in OP50 bacteria and seeded on NGM plates. 650 µl OP50 were seeded on each plate.
708
As a control, 0.03 % DMSO was added to OP50 bacteria. For each plate (control 0.03% 
Statistics
734
For the morphological characterization of the PVD the results are expressed as means
735
(blue circle) ± standard error of the mean (s.e.m.). In the boxplot (first, third quartiles) 736 the upper whisker extends from the hinge to the highest value that is within 1.5 * IQR
737
(inter-quartile range), the distance between the first and third quartiles. The lower 738 whisker extends from the hinge to the lowest value within 1.5 * IQR of the hinge.
739
The statistical analyses were performed with SPSS software (IBM, version 20) and "R 740 package". Two-tailed tests were performed for the entire data sets.
741
Since for many experiments the distribution of the data was not normal, a-parametric 742 tests were used: Mann Whitney test for comparison between independent groups.
743
Kruskal-Wallis test was used for multiple comparisons for more than two groups.
744
For proportions (percentage worms) ± standard error of proportion was calculated.
745
Fisher's exact test was used for analysis of differences in proportions. Table S1 761
Figures S1-S9
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Movies S1 and S2
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